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VEHICULAR DRIVING SUPPORT SYSTEM AND VEHICULAR CONTROL 

SYSTEM 

INCORPORATION BY REFERENCE 

5 

[0001] The disclosure of Japanese Patent Application No. 2003-033495 filed on 
February 12, 2003, including the specification, drawings and abstract is incorporated 
herein by reference in its entirety. 

10 BACKGROUND OF THE INVENTION 

1 , Fjeld of the fovention 

[0002] The invention relates to a vehicular driving support system and vehicular 
control system is provided with a communication apparatus enabling bi-directional 

15 communication between moving objects. More specifically, the invention relates to a 
vehicular driving support system which uses vehicle-to-vehicle communication to support, 
with an efficient volume of information, safe driving at intersections at which there is a 
concentration of objects, such as buildings, which block the transmission of radio-waves, 
and a vehicular control system which uses the information obtained from the vehicular 

20 driving support system. 

2. Description of the Related Art 

[0003] Vehicle control is able to be performed which supports safe driving based 
on information gathered using, for example, various sensors mounted on the vehicle and 
radar equipment mounted on the vehicle which detect obstacles around the vehicle. 
25 Further, various information, such as that related to traffic congestion, is able to be 
provided to a running vehicle by communication between roadside equipment located near 
a road and an on-board device mounted in the vehicle (i.e., roadside-vehicle 
communication) . 

[0004] Recently, bi-directional conununication between vehicles (herein referred 
30 to as "vehicle-to-vehicle communication") has been proposed, wherein it is conceivable to 
perform control to prevent accidents from occurring by having vehicles exchange 
information and proceed in coordination with one another. With this bi-directional 
communication it is also conceivable to indirectly obtain information provided by roadside 
equipment (such as a sensor that detects the degree of traffic congestion around the 
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vehicle) without direct roadside-vehicle communication by having one vehicle relay 
information obtained from the roadside equipment to another vehicle. 

[0005] JP(A) 4-290200 discloses technology using this kind of vehicle-to- 
vehicle communication. According to this publication, a vehicular warning apparatus is 
5 known which estimates the probability of a collision with an intersecting vehicle when 
crossing an intersection based on information relating to the current position, running 
speed, and direction of travel of the intersecting vehicle obtained by vehicle-to-vehicle 
communication, and outputting a warning when necessary in order to prevent a collision 
with the intersecting vehicle at the intersection. 

10 [0006] In the vehicle-to-vehicle communication, both vehicles are provided with 

a radio transceiver which both transmits a radio signal that includes information relating to 
the host vehicle and receives a radio signal that includes information relating to the other 
vehicle. This vehicle-to-vehicle communication is typically between one vehicle and one 
or more other vehicles. As a result, when there is a concentration of vehicles, it may 

15 become difficult for each vehicle to efficiently extract the necessary other vehicle 
information. Further, the amount of information to be processed increases, thus 
increasing the processing load. 

[0007] Therefore, when vehicle-to-vehicle communication is taking place 
between a vehicle and an unspecified number of other vehicles, or more specifically, at a 

20 location where there is a concentration of a plurality of vehicles, such as at an intersection, 
the processing load on the receiving side increases so time is required to extract the 
necessary information. As a result, the output timing of a warning to prevent a collision 
with an intersecting vehicle is delayed, which may reduce the functionality of the vehicle- 
to-vehicle communication at a place where vehicle-to-vehicle communication is extremely 

25 important. 

[0008] Moreover, some areas may have a concentration of objects, such as 
buildings, that block the transmission of radio-waves. In this case, because radio-waves 
in the high fi-equency band used in vehicle-to-vehicle conmiunication theoretically do not 
diffract, vehicle-to-vehicle conmiunication between vehicles (e.g., vehicles which will 
30 meet at an intersection) providing important information may be impeded when there are 
radio-wave blocking objects present. On the other hand, it is possible to use information 
obtained indirectly via vehicle-to-vehicle communication with another vehicle. However, 
near intersections where there is a concentration of vehicles, it is still difficult to extract 
and apply the information quickly, as described above. Also in this case, even at 
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intersections where there are actually no radio-wave blocking objects that impede vehicle- 
to-vehicle communication, the processing load on the receiving side still increases due to 
the indirect information provided by the other vehicle. 

5 SUMMARY OF THE INVENTION 

[0009] In view of the foregoing problems, this invention thus provides a 
vehicular driving support system which can provide necessary information in an efficient 
volume and increase the usability of bi-directional communication without increasing the 

10 load on the receiving side at an intersection, particularly an intersection with a 
concentration of radio-wave blocking objects, and a vehicular control system that uses the 
information obtained from the vehicular driving support system. 

[0010] A first aspect of the invention relates to a driving support system for a 
vehicle, which includes a communication apparatus and a detection device. The 

15 communication apparatus enables bi-directional conmiunication between a first vehicle 
and an unspecified number of moving objects, said conmiunication apparatus obtaining at 
least one of i) communication impeding intersection information relating to a 
communication impeding intersection at which there is a radio-wave blocking object that 
blocks radio waves, and ii) moving object information relating to at least one of first 

20 moving objects which is on an intersecting road that intersects a road on which the first 

vehicle is traveling, by communication between the first vehicle and a first moving object, v 
from among the unspecified number of moving objects, which is traveling on the 
intersecting road. The conmiunication apparatus transmits to a second moving object, 
from among the unspecified number of moving objects, at least one of the conmiunication 

25 impeding intersection information and the moving object information. The detection 
device detects the presence of the communication impeding intersection using at least one 
of the communication impeding intersection information and the moving object 
information. The communication apparatus transmits to the second moving object on the 
road on which the first vehicle is traveling at least one of the communication impeding 

30 intersection information and the moving object information only when the presence of the 
communication impeding intersection has been detected. 

[0011] According to this configuration, bi-directional communication between 
the first vehicle and the unspecified number of moving objects (including people and 
bicycles and the like) is achieved with the communication apparatus mounted on the first 
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vehicle (herein, also referred to as "host vehicle"). At a communication impeding 
intersection around which there is a radio-wave blocking object such as a building (e.g., an 
intersection with poor visibility), communication with a first moving object, from among 
the unspecified number of moving objects, which is traveling on the a road that intersects 
5 the road on which the host vehicle is traveling may be impeded by the effect from the 
radio-wave blocking object. 

[0012] In this case, communication with the first moving object may start 
suddenly at a spot where communication is no longer effected by the radio-wave blocking 
object (such as a spot near or just before the communication impeding intersection). 

10 Therefore, when the first vehicle attempts to obtain moving object information (such as the 
vehicle speed and position) relating to the first moving object indirectly from the second 
moving object on the road, for example, it is necessary for the first vehicle to receive this 
information a sufficient distance before the conmiunication impeding intersection in order 
to pass through it safely. On the other hand, at an intersection where there are no radio- 

15 wave blocking objects, there is no effect on the radio- waves so communication with the 
first moving object starts a sufficient distance before the intersection. In this case 
therefore, it is not necessary to receive the moving object information (such as the vehicle 
speed and position) relating to the first moving object indirectly from the second moving 
object. 

20 [0013] According to this aspect of the invention, at least one of the 

communication impeding intersection information relating to the conmiunication impeding 
intersection and the moving object information relating to the first moving object is 
transmitted to the second moving object only when a communication impeding intersection 
is detected, taking into account a processing load on the receiving side that receives the 

25 information provided. Therefore, useful information is able to be provided to the second 
moving object (i.e., the receiving side) only when necessary so an efficient volume of 
information can be provided at communication impeding intersections where bi-direction2d 
communication is extremely important, without increasing the processing load on the 
receiving side. As a result, it is possible to effectively support safe driving at 

30 communication impeding intersections. Also, when the directionality of the 
transmitting/receiving antenna is non-variable (i.e., omni-directional), data including the 
communication impeding intersection information is transmitted to the unspecified number 
of moving objects. Even in this case, through, the processing load on the receiving side 
does not increase because the receiving side can easily determine whether the transmitted 
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information was intended for them due to an ID code for the second moving object, which 
is the first vehicle targeted to receive the information, being included in the data. 

[0014] The detection device may also be designed to detect the presence of the 
communication impeding intersection based on a communication history between the first 
5 vehicle and the first moving object. That is, at the conmiunication impeding intersection, 
conmiunication between the first vehicle and the first moving object suddenly starts at a 
spot where communication is no longer effected by the radio-wave blocking object (such 
as a spot near or just before the conmiunication impeding intersection). Accordingly, it is 
possible to determine whether the intersection ahead is a communication impeding 

10 intersection by calculating the position of the first vehicle at the time communication with 
the first moving object starts based on the conununication history with the first moving 
object, and evaluating the distance between the first vehicle and the intersection ahead (e.g., 
the distance until guidance is possible using intersection information in predetermined map 
data and information firom another moving object). 

15 [0015] The detection device may also be designed to detect the presence of the 

communication impeding intersection when communication between the first vehicle and 
the first moving object, which is within a predetermined distance from the first vehicle, 
starts while communication between the first vehicle and only the second moving object is 
taking place. That is, at a communication impeding intersection, communication 

20 continues between the first vehicle and the second moving object only, due to interference 
from the radio-wave blocking object, and communication between the first vehicle and the 
first moving object starts at the point where there is no longer any interference from the 
radio-wave blocking object. Accordingly, when this kind of sudden communication with 
the first moving object is detected, it can be determined that there is a communication 

25 impeding intersection. Also, by determining at this time that an intersecting vehicle (i.e., 
a vehicle on the intersecting road, such as the first moving object) with which 
communication was suddenly established is within a predetermined distance range of the 
first vehicle (i.e., the host vehicle), sudden communication with the intersecting vehicle 
that arose simply because of the communication-distance relationship is able to be 

30 excluded from being used to determine the presence of a communication impeding 
intersection. Further, the detection device may be designed to detect a communication 
impeding intersection without using predetermined map data (such as map data of a 
navigation system). 

[0016] The detection device may also be designed to detect the presence of the 
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communication impeding intersection when the distance between i) the first vehicle at the 
time conmiunication with the first moving object started and ii) a point of intersection of 
the intersecting road and the road on which the first vehicle is traveling is less than a 
predetermined distance. That is, when the point at which the sudden communication with 
5 the first moving object is detected is a sufficient distance before the intersection ahead (i.e., 
the point of intersection between the intersecting road and the road on which the first 
vehicle is traveling), it is not necessary to provide the moving object information relating 
to the first moving object to the second moving object (particularly a moving object (such 
as the second moving object) that is trailing the first vehicle (host vehicle)) indirectly. 

10 According to this construction, at least one of the conmiunication impeding intersection 
information and the moving object information is transmitted to the second moving object 
only when the distance from the point at which the sudden conmiunication with the first 
moving object is detected to the intersection ahead is less than a predetermined distance. 
Therefore, according to the invention, it is possible to effectively support safe driving at a 

15 communication impeding intersection without increasing the processing load on the 
receiving side by providing useful information only when necessary to the second moving 
object (i.e., the receiving side). The point of intersection of the intersecting road and the 
road on which the first vehicle is driving need only be calculated as the point of 
intersection of a running vector of the first moving object and a running vector of the first 

20 vehicle, or determined using image results from predetermined map data (such as map data 
of a navigation system) or a CCD camera or the like. 

[0017] Further, the moving object information may include only information 
relating to the first moving object that is approaching the communication impeding 
intersection. The moving object information may also include only information relating 

25 to the first moving object that is a predetermined distance or more away from the 
communication impeding intersection. The communication impeding intersection 
information may also include information relating to the location of the communication 
impeding intersection. Accordingly, because only information that is usefiil is provided 
to the second moving object that will pass through the communication impeding 

30 intersection, the processing load on the receiving side is reduced so it is possible to 
effectively support safe driving at the communication impeding intersection. In cases 
where there are no moving objects (such as the second moving object) approaching the 
communication impeding intersection on the intersecting road, for example, no moving 
object information is transmitted. Even in these cases, however, the second moving 
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object is able to detect the presence of a communication impeding intersection from the 
conmiunication impeding intersection information, and can also detect, due to the lack of 
moving object information, that there are no moving objects (such as the first moving 
object) with which there is a particular danger of collision on the intersecting road. 
5 [0018] The communication impeding intersection information may also include 

information relating to the presence of the radio-wave blocking object at the 
communication impeding intersection. As a result, the second moving object that has 
received the information is able to grasp the fact that there is a radio-wave blocking object 
at the communication impeding intersection and perform transmission/reception processing 

10 in accordance with the presence of a radio-wave blocking object exist prior to passing 
through the conmiunication impeding intersection. For example, when the second 
moving object has received information that there is a radio-wave blocking object only on 
the near side (from the perspective of the vehicle sending the information) of the 
intersection, it is evident that it is not necessary to transmit moving object information 

15 relating to the first moving object to an oncoming vehicle, thus enabling the processing 
load on the receiving side to be reduced. 

[0019] The presence of the radio-wave blocking object (such as the position, 
size, range of the radio- wave blocking object) may be evaluated based on a change in the 
communication state between the first vehicle and the first moving object. In this case, 

20 the presence of the radio-wave blocking object may be evaluated through stepped 
classification (in which the object falls within one of a plurality of classes). Also, the 
presence of the radio-wave blocking object may be evaluated based on the distance 
' between i) the first vehicle at the time conmiunication with the first moving object ends, 
after the first vehicle has passed through the communication impeding intersection, and ii) 

25 the communication impeding intersection. 

[0020] The communication apparatus may also be designed such that, when the 
presence of the communication impeding intersection has been detected, the 
communication apparatus transmits to the second moving object at least one of the 
communication impeding intersection information and the moving object information only 

30 when there is not a traffic signal at the communication impeding intersection. According 
to this configuration, the moving object information and the like is transmitted to the 
second moving object only when an intersection where a collision with an intersecting 
vehicle is particularly likely to occur, such as a communication impeding intersection with 
no traffic signal, has been detected. As a result, the processing load on the receiving side 
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is able to be kept to a minimum, thus making it possible to more effectively support safe 
driving at communication impeding intersections. The determination as to whether there 
is a traffic signal at the conrmiunication impeding intersection may be made, for example, 
based on predetermined map data (such as map data of a navigation system). 
5 [0021] The vehicular driving support system may further be provided with a 

vehicle selecting device. This vehicle selecting device is designed to both monitor the 
communication state after communication has started between the first vehicle and the first 
moving object when a plurality of the second moving objects are on the road on which the 
first vehicle is traveling, and select from among the plurality of the second moving objects 

10 at least one of the second moving objects as a transmission target according to the 
monitoring results. According to this configuration, when monitoring the communication 
state after conmiunication with the first moving object has started and selecting the second 
moving object which is the transmission target according to the monitoring results, it is 
possible to specify the second moving object that needs to indirectly receive the moving 

15 object information relating to the first moving object and the like, and transmit that moving 
object information and the like to only that specified second moving object, thus further 
reducing the processing load on the receiving side. When the directionality of the 
transmitting antenna cannot be changed, the data of the first vehicle (host vehicle) which 
includes the moving object information and the like is transmitted to an unspecified 

20 number of moving objects, as described above. Even in this case, however, the 
processing load on the receiving side does not increase because the receiving side (i.e., the 
moving object that is the transmission target) can easily determine whether the transmitted 
information was intended for the receiving side due to an ID code for the second moving 
object, which is the transmission target, contained in the data. 

25 [0022] Further, when communication between the first vehicle and the first 

moving object continues after the first vehicle has passed through the communication 
impeding intersection, at least one of the second moving objects that has not passed 
through the communication impeding intersection but which is behind and traveling in the 
same direction as the first vehicle can be at least included as the transmission target. Also, 

30 when conmiunication between the first vehicle and the first moving object continues after 
the first vehicle has passed through the communication impeding intersection, at least one 
of the second moving objects which is behind and traveling away from the first vehicle can 
be excluded from being the transmission target. In this case, because the first vehicle is 
able to obtain the latest moving object information when conmiunication between the first 
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vehicle and the first moving object continues after the first vehicle has passed through the 
communication impeding intersection, the first vehicle can support the second moving 
object, which is traveling behind and in the same direction as the first vehicle, before it 
passes though the conmiunication impeding intersection. When conmiunication between 
5 the first vehicle and the first moving object continues after the first vehicle has passed 
through the communication impeding intersection, the second moving object which is 
behind and moving away from the first vehicle can obtain at least the latest moving object 
information just like the first vehicle. Therefore, needless support to the moving object 
can be terminated. 

10 [0023] A second aspect of the invention relates to a driving support system for a 

vehicle, which includes a receiving device and a transmitting device. The receiving 
device obtains at least one of the conmiunication impeding intersection and the moving 
object information by bi-directional communication with a third moving object which is 
provided with the driving support system according to any form of the first aspect of the 

15 invention. The transmitting device transmits to a fourth moving object at least one of the 
communication impeding intersection information and the moving object information. 

[0024] A third aspect of the invention relates to a driving support system for a 
vehicle, which includes a receiving device and a transmitting device. The receiving 
device obtains information relating to the presence of the radio-wave blocking object by 

20 bi-directional communication with a fifth moving object which is provided with a driving 
support system which is designed to evaluate the presence of the radio- wave blocking 
object based on the distance between i) the first vehicle at the time communication with the 
first moving object ends, after the first vehicle h£is passed through the communication 
impeding intersection, and ii) the communication impeding intersection. The transmitting 

25 device which transmits to a sixth moving object information relating to the presence of the 
radio-wave blocking object. 

[0025] According to the invention, useftil information, such as the 
communication impeding intersection information and the moving object information and 
the like, able to be obtained by communication between the vehicular driving support 

30 system according to the first aspect of the invention or a vehicular driving support system 
which is designed to evaluate the presence of the radio- wave blocking object based on the 
distance between i) the first vehicle at the time communication with the third (or fifth) 
moving object ends, after the first vehicle has passed through the communication impeding 
intersection, and ii) the communication impeding intersection, is transmitted to another 
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moving object that is unable to directly receive the information (or which has not yet 
received the information). As a result, the information is able to be relayed, which 
enables the other moving object to be effectively supported. In this case, the 
communication impeding intersection and the moving object information and the like is 
5 able to be obtained by the vehicular driving support system, so it is unnecessary for the 
first vehicle itself to have functions for detecting and evaluating the presence of a 
conununication impeding intersection and a radio-wave blocking object. 

[0026] A fourth aspect of the invention relates to a driving support system for a 
vehicle, which includes a detecting device, a receiving device, an information generating 

10 device, and a transmitting device. The detecting device detects the presence of an 
. intersection ahead on a road on which a first vehicle is traveling based on predetermined 
map data. The receiving device is provided in a conmiunication apparatus enabling bi- 
directional conmiunication between the first vehicle and an unspecified number of moving 
objects. This receiving device obtains information by communication with a first moving 

15 object, from among the unspecified number of moving objects, which is on an intersecting 
road which intersects the road on which the first vehicle is traveling at the intersection 
when the intersection has been detected. The information generating device generates at 
least one of intersection information relating to the intersection and moving object 
information relating to the first moving object based on the obtained information. The 

20 transmitting device transmits the generated information to a second moving object, from 
among the unspecified number of moving objects, which is on the road on which the first 
vehicle is traveling. That is, the intersection that is ahead on the road on which the first 
vehicle is traveling can be detected using predetermined niap data (such as map data of a 
navigation system). According to this invention, at least one of the intersection 

25 information relating to the intersection and the moving object information relating to the 
moving object on the intersecting road is transmitted to the second moving object only 
when the intersection has been detected. Accordingly, with the invention, because only 
necessary information is provided to the second moving object (i.e., the receiving side), 
even if there is a concentration of a plurality of other vehicles, it is possible to effectively 

30 support safe driving at a communication impeding intersection without increasing the 
processing load on the receiving side. 

[0027] According to the fourth aspect of the invention, the generated 
information may also be transmitted to the second moving object only when it has been 
detected that there is a facility of a predetermined scale or larger around the detected 
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intersection based on the predetermined map data. According to this configuration, 
because the moving object information and the like is provided to the second moving 
object (i.e., the receiving side) only at an intersectipn where communication is impeded, 
the processing load on the receiving side is increased and it is possible to effectively 
5 support safe driving at an intersection where there is a facility of a predetermined scale or 
larger, in which case there is a great necessity for bi-directional communication. 

[0028] According to the fourth aspect of the invention, it is possible to include 
only information relating to the first moving object that is in a predetermined position with 
respect to the facility of a predetermined scale or larger in the moving object information. 

10 According to this configuration, it is possible to transmit only information relating to the 
moving object with which direct communication is not possible due to the effect of the 
facility of a predetermined scale or larger. It is also possible to effectively support safe 
driving at an intersection around which there is a facility of a predetermined scale or larger, 
in which case there is a great necessity for bi-directional communication. It is also 

15 possible at this time to transmit only the information relating to the first moving object 
which is in a predetermined position with respect to the facility of a predetermined scale or 
larger and the second moving object (a moving object which is a transmission target) to the 
second moving object. 

[0029] A fifth aspect of the invention relates to a vehicular control system which 

20 includes a receiving device and a control apparatus. The receiving device for receiving at 
least one of the communication impeding intersection information and the moving object 
information provided by the driving support system according to the above first aspect. 
The control apparatus that controls the vehicle using the received information. 

[0030] A sixth aspect of the invention relates to a vehicular control system 

25 which also includes a receiving device and a control apparatus. The receiving device for 
receiving at least one of the communication impeding intersection information and the 
moving object information provided by the driving support system according to the 
presence of the radio-wave blocking object from a driving support system which is 
designed to evaluate the presence of the radio-wave blocking object based on the distance 

30 between i) the first vehicle at the time communication with the first moving object ends, 
after the fu-st vehicle has passed through the conmiunication impeding intersection, and ii) 
the communication impeding intersection. The control apparatus that controls the second 
vehicle using the received information. 

[0031] According to the fifth and sixth aspects of the invention, it is possible to 
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perform various vehicle controls (such as warning output and automatic braking) in order 
to prevent a collision with an intersecting vehicle, for example, using useful information, 
such as communication impeding intersection information and moving object information 
obtained by communication with the driving support system according to any form of the 
first aspect of the invention or a driving support system which is designed to evaluate the 
presence of the radio-wave blocking object based on the distance between i) the first 
vehicle at the time conmiunication with the first moving object ends, after the first vehicle 
has passed through the communication impeding intersection, and ii) the communication 
impeding intersection. 

BRIEF DESCRIPTION OF THE PR AWTNGS 

[0032] The foregoing and further objects, features and advantages of the 
invention will become apparent from the following description of preferred embodiments 
with reference to the accompanying drawings, wherein like numerals are used to represent 
like elements and wherein: 

[0033] FIG. 1 is a system block diagram of a vehicle-to-vehicle communication 
system according to one exemplary embodiment of the invention; 

[0034] FIG. 2 is a view showing one example of the stmcture of data to be 
transmitted; 

[0035] FIG. 3 is a view showing one example of the structure of data to be 
transmitted which includes additional information and the like; 

[0036] FIG. 4 is an explanatory view of the invention showing an intersection 
with poor visibility as one example of a communication impeding intersection; 

[0037] FIG. 5 is a flowchart illustrating one example of a main routine executed 
by the vehicle-to-vehicle conmiunication system according to this exemplary embodiment 
of the invention; 

[0038] FIG. 6 is a flowchart illustrating one example of a subroutine executed 
for detecting a communication impeding intersection; 

[0039] FIG. 7 is a flowchart illustrating one example of a subroutine executed 
when a communication impeding intersection has been detected ahead; and 

[0040] FIG. 8 is a flowchart illustrating one example of a subroutine executed 
when there are no radio-wave blocking objects on the far side of the conmiunication 
impeding intersection. 
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DETAILED DESCRTPTTO N OF THE PREFERRED HMBODTMRNTS 

[0041] In the following description and the accompanying drawings, the present 
5 invention will be described in more detail in terms of exemplary embodiments. 

[0042] FIG. 1 is a system block diagram of a vehicle-to-vehicle communication 
system according to one exemplary embodiment of the invention. The main component 
of this vehicle-to-vehicle communication system is a data management ECU 16 (electronic 
control unit for vehicle-to-vehicle communication). This data management ECU 16 is 

10 designed as a microcomputer which includes a CPU, ROM, RAM, and the like all 
connected together via a bus, not shown. Various programs to be executed by the CPU 
are stored in the ROM. 

[0043] A navigation system 26 is connected to the data management ECU 16. 
This navigation system 26 includes a recording medium such as DVD, CD-ROM, or the 

15 like, on which map data is stored, as well as a GPS (Global Positioning System) receiver 
26A that receives, via a GPS antenna, GPS signals transmitted from a GPS satellite, and 
the like. The navigation system 26 calculates the current vehicle position and direction 
based on the GPS signal and signals from various sensors (such as a gyro sensor and a yaw 
rate sensor). Electric signals indicative of the calculation results are input to a gateway 

20 unit 14, to be described later. 

[0044] The map data of the navigation system 26 includes, for example, 
coordinates of each node corresponding to each intersection and expressway junction on 
the map, coordinates of traffic signals, coordinates of each apex of polygon shapes and the 
height for three-dimensional display of polygon shapes, links connecting adjacent nodes, 

25 widths of roads corresponding to each link, distance and travel time between each adjacent 
node, and road type (such as national highway, prefectural highway, expressway) stored 
corresponding to each link. The information in the map data of the navigation system 26 
is used by the data management ECU 16 as necessary, which will be described later. 

[0045] The vehicle-to-vehicle conmiunication system is provided with a vehicle- 

30 to-vehicle communication transmitter/receiver 10 (herein simply referred to as "transceiver 
10"). This transceiver 10 includes an antenna lOA for vehicle-to-vehicle communication 
and achieves vehicle-to-vehicle communication with another vehicle by transmitting and 
receiving radio-waves in a radio-wave frequency band (for example, millimeter waves in 
the 60 GHz band). The spectrum expansion method may be used as the communication 
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method. Unless otherwise specified, the vehicle with which communication is 
established in this exemplary embodiment may include not only a plurality of vehicles 
(including two-wheeled vehicles), but also a plurality of people (including pedestrians), 
bicycles, wheelchairs, and the like. 
5 [0046] A signal processing unit 12 is connected to the transceiver 10 via a 

suitable bus such as a high-speed communication bus. The gateway unit 14 and the data 
management ECU 16 are both connected to this signal processing unit 12 also via a 
suitable high-speed communication bus. The gateway unit 14 connects the signal 
processing unit 12 with various types of control systems and information systems and the 

10 like in the vehicle via a suitable bus such as a high-speed conmiunication bus. Some of 
these control systems and information systems include the navigation system 26, 
multimedia equipment 20 including audio equipment, cameras, mobile phones; a control 
systems 22 including various control units and sensors and the like mounted in the vehicle; 
and various kinds of electrical equipment 24 mounted in the vehicle. Therefore, as shown 

15 in FIG. 1, a variety of signals (herein referred to as "host vehicle information signals") are 
input to the gateway unit 14. These signals include status signals indicative of the various 
states of the information systems such as the navigation system 26, image signals, control 
signals from the various control systems, detection signals from the various sensors, and 
ON/OFF signals from various switches. 

20 [0047] The host vehicle information signals input to the gateway unit 14 are then 

sent to the signal processing unit 12. The signal processing unit 12 is provided with an 
outgoing/incoming data buffer 12A which temporarily stores the received data as well as 
the data to be transmitted. The signal processing unit 12 is controlled by the data 
management ECU 16 to both store the various host vehicle information that includes the 

25 host vehicle information signals in the outgoing/incoming data buffer 12A and generate 
data to be transmitted by extracting only predetermined information from the various host 
vehicle information (this processing will be described in detail later). The data to be 
transmitted is sent to the data management ECU 16 and the transceiver 10 and the like and 
transmitted at a predetermined cycle via the antenna lOA of the transceiver 10. The 

30 various host vehicle information stored in the outgoing/incoming data. buffer 12A is 
updated every time there is an input from the gateway unit 14. 

[0048] The structure of the data generated by the signal processing unit 12 will 
now be described with reference to FIGS. 2 to 4. 

[0049] FIG. 2 shows the basic structure of the data. The data in FIG. 2 is data 
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to be transmitted before vehicle-to-vehicle communication has been established and started 
(i.e., the data is data for which a transmission target has not yet been specified). This data 
may be transmitted in order to specify the vehicle that is a transmission target with which 
vehicle-to-vehicle conmiunication will be established (i.e., for mutual confirmation prior to 
5 vehicle-to-vehicle communication). 

[0050] As shown in FIG. 2, the structure of the data includes basic data, a header 
in front of the basic data, and a footer following the basic data. The header includes 
various information indicating the content of the basic data as well as various necessary 
data (such as information pertaining to a change in the transmission cycle). The header 

10 also indicates where the basic data starts. 

[0051] The basic data includes an ID code as essential information. This ID 
code is a code unique to each vehicle and may be, for example, an BP address. The ID 
code for a person or a bicycle or the like is a code unique to a mobile device carried by the 
person (including a person riding on a bicycle or the like) or a mobile device attached to a 

15 bicycle or the like. This ID code may be a unique code distinguishable by the receiving 
side. 

[0052] Also, the basic data preferably includes information regarding the 
position of the vehicle (herein referred to as "positional information") and information 
regarding the type of vehicle (herein referred to as "vehicle type information"). The 

20 positional information of the vehicle may be information indicative of the current position 
of the vehicle or positional information of the host vehicle (included in the host vehicle 
information signals input to the gateway unit 14) calculated based on the GPS signal 
received by the GPS receiver 26A. Positional information in the case of a person or a 
bicycle or the like does not have to be included in the basic data. However, when the 

25 person or bicycle or the like is equipped with a GPS receiver (for example, when the 
person is carrying a mobile phone having an internal GPS receiver), the positional 
information can be included in the basic data. The vehicle type information is a code that 
enables the receiving side to distinguish the vehicle type of the host vehicle. For example, 
the vehicle type information may be a vehicle type number on a number plate for four 

30 wheeled vehicles, a specific alphanumeric character assigned to the specific displacement 
amount for two wheeled vehicles, and a specific alphanumeric character for people or 
bicycles or the like. 

[0053] This data may be repeatedly transmitted at fixed transmission cycles, and 
is preferably determined together with the updating cycle (e.g., 1 sec) of the positional 
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informatioii of the host vehicle from the GPS receiver 26A. Between updating cycles, 
however, the latest positional information of the host vehicle is estimated and updated 
using the vehicle speed sensor, yaw rate sensor, acceleration sensor and the like. When 
transmission can be repeated, the data may be transmitted again after every update. 
5 Specifically, the updating and re-transmitting of the latest positional information of the 
host vehicle is useful when the GPS receiver 26A is unable to receive the GPS signal (such 
as when driving through a tunnel). 

[0054] The data including the ID code is transmitted via the antenna lOA of the 
transceiver 10, as described above, and received by a vehicle in a predetennined region. 

10 At this time, when another vehicle in the area of the host vehicle is provided with the 
vehicle-to-vehicle communication system of this exemplary embodiment, similar data 
transmitted by the other vehicle is received by the host vehicle. Accordingly, by 
confirming the ID code included in the data on the receiving side, it is possible to reliably 
identify the other vehicle that is transmitting the data even when driving in an area where a 

15 plurality of vehicles are concentrated, 

[0055] An outline of the operation (i.e., processing on the receiving side) of a 
systems 18 using information obtained from vehicle-to-vehicle communication according 
to the exemplary embodiment of the invention when data is received from another vehicle 
in this way will now be described. 

20 [0056] Referring back to FIG. 1, the data transmitted from the other vehicle 

received by the transceiver 10 is stored in the outgoing/incoming data buffer 12A of the 
signal processing unit 12. The signal processing unit 12 extracts only the information 
regarding the other vehicle (herein referred to as "other vehicle information") that is 
necessary from the data in the outgoing/incoming data buffer 12A that was received from 

25 the other vehicle, and sends it to the data management ECU 16 and the like. 

[0057] The data management ECU 16 then calculates the mnning speed and 
direction (i.e., mnning vector) of the other vehicle based on a history of the positional 
information of the other vehicle included in the other vehicle information. The data 
management ECU 16 also calculates the direction of travel (i.e., running vector) of the host 

30 vehicle based on a history of the positional information of the host vehicle, as well as 
calculates the relative direction of travel of the other vehicle with respect to that of the host 
vehicle (i.e., an angle created between the direction of travel of the host vehicle and the 
direction of travel of the other vehicle; herein referred to as "intersecting angle") based on 
the calculated directions of travel of the other vehicle and the host vehicle. Further, the 
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data management ECU 16 determines whether the other vehicle is traveling in a direction 
towards or away from the host vehicle based on the calculated directions of travel of the 
other vehicle and the host vehicle and the positional information of the other vehicle and 
the host vehicle. If, at this time, the running vectors intersect in the direction in which 
5 both vehicles are traveling (herein referred to as "direction of travel") and the intersecting 
angle is within a predetermined angular range (such as a range of ±20 degrees from 90 
degrees), for example, it may be determined that the other vehicle is traveling in a direction 
towards the host vehicle. On the other hand, if the intersecting angle is within the 
predetermined angular range (such as a range of ±20 degrees from 90 degrees) but the 

10 running vectors do not intersect in the direction of travel, it may be determined that the 
other vehicle is traveling in a direction away from the host vehicle. 

[0058] Furthermore, when it is determined that the other vehicle is traveling in a 
direction toward the host vehicle, the data management ECU 16 calculates either the time 
until the other vehicle reaches the point at which the running vectors intersect or the 

15 distance between the point at which the running vectors intersect and the position of the 
other vehicle, based on the calculated direction of travel of the other vehicle and the host 
vehicle, the positional information of both the other vehicle and the host vehicle, and the 
calculated running speeds of the host vehicle and the other vehicle. When the host 
vehicle is receiving data transmitted from a plurality of other vehicles, the data 

20 management ECU 16 makes the above-described calculations and determinations for each 
vehicle. The calculation and determination results from the data management ECU 16 are 
added as additional information to the data to be transmitted by the host vehicle. 

[0059] FIG. 3 shows the structure of data that includes the additional 
information. This additional information is incorporated into the data when a vehicle 

25 targeted for vehicle-to-vehicle communication has been specified. 

[0060] As shown in the drawing, the additional information is included in 
extension data which follows an extension header after the basic data. The extension 
header includes information indicating the content of the extension data, and indicates 
where the extension data starts. 

30 [0061] The ID code of the other vehicle targeted to receive the data is 

incorporated along with the additional information and the communication impeding 
intersection information (to be described later) into the extension data. When there are a 
plurality of the other vehicles targeted for transmission, the data including the additional 
information and the like may be generated for each vehicle targeted for transmission, or 
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may incorporate a plurality of the ID codes for the vehicles targeted for transmission in the 
extension data. Also, additional information incorporated into the extension data may 
also be selected considering the need of the other vehicle targeted for transmission (this 
will be described in detail later). Further, suitable information of the host vehicle 
5 information that is updated and stored in the outgoing/incoming data buffer 12A, other 
than the additional information, may also be selectively incorporated into the extension 
data. 

[0062] By including the ID code of the other vehicle targeted for transmission in 
the data to be transmitted in this way, the other vehicles that receive that data are able to 

10 determine whether the data is information intended for them by referencing the ID code. 
Also, because only the additional information necessary for the other vehicle targeted for 
transmission is selected and added to the data, £is will be described later, and in all other 
cases, the data to be sent shown in FIG. 2 is transmitted, it is possible to minimize the 
processing load on the receiving side. 

15 [0063] The additional information obtainable by vehicle-to- vehicle 

communication in this way can be used by other systems 18 using information obtained 
from vehicle-to-vehicle conununication. These other systems 18 using information 
obtained from vehicle-to-vehicle communication includes various systems, such as a 
vehicle safety system which determines the potential danger of a collision based on the 

20 relative relationship (such as the relative direction, relative speed, relative distance) 
between the host vehicle and the other vehicle, outputs a warning and performs automatic 
control of the vehicle, and a vehicle following control system which controls the vehicle to 
follow a leading vehicle. Altematively, the other systems 18 using information obtained 
from vehicle-to-vehicle communication may obtain various host vehicle information and 

25 other vehicle information directly from the signal processing unit 12 via the gateway unit 
14 and perform various predetermined controls based on the obtained information. 

[0064] Various information exchanged between a plurality of vehicles using this 
kind of vehicle-to-vehicle communication may be used by the other systems 18 using 
information obtained from vehicle-to-vehicle communication in each vehicle to improve 

30 driver convenience and increase driving safety. However, if random host vehicle 
information or all of the host vehicle information is included in the data, the amount of 
information able to be used by the receiving side increases. At the same time, however, 
the processing load on the receiving side to extract only the necessary information also 
increases. In particular, in environments where there is a concentration of vehicles, the 
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amount of information received increases drastically, resulting in an extremely large 
processing load on the receiving side to extract only the necessary information. As a 
result, there may be cases where there is a delay in the provision of the necessary 
information to the driver or the other systems 18 using information obtained from vehicle- 
5 to-vehicle communication, which reduces the intrinsic functionality of the vehicle-to- 
vehicle communication system to improve driver convenience and driving safety. 

[0065] Further, as described above, vehicle-to-vehicle communication uses 
radio-waves in the high frequency band (such as the GHz band) or laser beams or the like 
which theoretically do not diffract. Therefore, when there are communication blocking 

10 objects such as buildings or large vehicles around the vehicle, there is a possibility that the 
intrinsic functionality of the vehicle-to-vehicle communication system will be reduced due 
to the presence of those conmiunication blocking objects. That is, because the radio- 
waves in the high frequency band region and laser beams and the like theoretically do not 
diffract, vehicle-to-vehicle conmiunication between vehicles that should exchange tmly 

15 necessary information (i.e., between vehicles that will likely meet at an intersection) is 
impeded at, for example, intersections having poor visibility due to the presence of the 
communication blocking objects. As a result, the intrinsic functionality of the vehicle-to- 
vehicle communication system decreases. In other words, at areas such as intersections 
with poor visibility where the ftmction of the vehicle-to-vehicle communication system is 

20 extremely important, necessary vehicle-to-vehicle communication is impeded by the 
communication blocking objects. Therefore, it is necessary to extract the necessary 
information indirectly from the mass of information. This presents problems not only 
from the standpoint of the processing load on the receiving side, but also from the 
standpoint of driver convenience and driving safety. 

25 [0066] In contrast, in exemplary embodiment, the characteristic structure of the 

invention, which will be described in detail later, makes it possible to identify the location 
where necessary vehicle-to-vehicle conmiunication will be impeded (herein referred to as 
"communication impeding intersection") due to the presence of a communication blocking 
object, increase safety while driving near the communication impeding intersection, and 

30 reduce the processing load on the receiving side. 

[0067] FIG. 4 is an explanatory view of the invention showing an intersection 
with poor visibility as one example of a communication impeding intersection. Shown in 
the drawing are communication blocking objects (for example, structures such as buildings, 
trucks) 1, 2, 3 and 4 which define an intersection with poor visibility. Also shown are 
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vehicles A, Bl, B2, B3, CI, Dl, D2, D3, and D4 coming and going through the 
intersection, together with changes over time (tO, tl, t2, t3, and t4) where necessary. A 
(tl), for example, indicates vehicle A at time tl. Vehicles A, Bl to B3, and CI are 
vehicles running on a road X, while vehicles Dl, D2, D3, and D4 are vehicles running on 
5 an intersecting road Y which intersects road X (hereinafter, vehicles Dl, D2, D3, and D4 
may therefore also be referred to as "intersecting vehicles"). Also, the respective 
relationships between times tl, t2, t3, and t4 are such that tO < tl < t2 < t3 < t4. 

[0068] As shown in FIG. 4, vehicle-to-vehicle communication between vehicle 
A (tO) and intersecting vehicles Dl, D2, D3, and D4 is impeded due to the presence of 

10 communication blocking objects 3 and 4 at time tO (e.g., vehicle A (tO) in FIG. 4). In this 
case, vehicle-to-vehicle communication is taking place between vehicle A (tO) and vehicles 
Bl to B3 and CI which are running on road X. That is, at time tO, vehicle A is unable to 
receive data transmitted from intersecting vehicles Dl, D2, D3, and D4 due to the presence 
of the communication blocking objects 3 and 4. This is also the case for vehicles Bl to 

15 B3 which are behind vehicle A. 

[0069] At time tl, however, vehicle-to-vehicle communication is no longer 
impeded by the communication blocking objects 3 and 4 (e.g., vehicle A (tl) in FIG. 4) so 
vehicle A is able to receive data transmitted from intersecting vehicles Dl, D2, D3, and D4. 
That is, at time tl, vehicle A has moved from a state in which it is unable to receive data 

20 transmitted from intersecting vehicles Dl, D2, D3, and D4 into a state in which it is able to 
receive data transmitted from intersecting vehicles Dl, D2, D3, and D4. Vehicle A 
remains in this "able to receive" state through the intersection (e.g., vehicle A (t2) in FIG. 
4) until it changes to the "unable to receive" state again due to communication blocking 
objects 1 and 2. That is, at time t3 (e.g., vehicle A (t3) in FIG. 4), vehicle A has moved 

25 from a state in which it is able to receive data transmitted from intersecting vehicles Dl, 
D2, D3, and D4 back into a state in which it is unable to receive data transmitted from 
intersecting vehicles Dl, D2, D3, and D4. 

[0070] In this exemplary embodiment, this change in reception states with 
respect to data transmitted from intersecting vehicles Dl, D2, D3, and D4 due to the 

30 presence of the communication blocking objects (i.e., the .change between the "able to 
receive" state and the "unable to receive" state) is used to detect a communication 
impeding intersection and evaluate the presence (or impeding state) of communication 
blocking objects at the communication impeding intersection. 

[0071] More specifically, the change in the reception state with respect to the 
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data transmitted by the intersecting vehicles Dl, D2, D3, and D4 can be detected by the 
other vehicle information included in the data transmitted from the other vehicle which is 
received by vehicle A. That is, the data management ECU 16 in this exemplary 
embodiment calculates the angle created between the direction of travel of the host vehicle 
5 and the direction of travel of the other vehicle (i.e., the intersecting angle) based on the 
history of the positional information of the other vehicle included in the data transmitted by 
the other vehicle and the history of the positional information of the host vehicle. Before 
time tl (and after time t3), vehicle A is not able to receive data sent by the intersecting 
vehicles Dl, D2, D3, and D4, so it calculates only the intersecting angles relating to 

10 vehicles Bl to B3 and CI. Accordingly, the calculation results of these intersecting 
angles include only angles within a range which is centered around 0 degrees due to the 
fact that the vehicles Bl to B3 and CI are traveling on road X, on which vehicle A is 
traveling. On the other hand, at times tl to t3, vehicle A is able to receive the data 
transmitted from intersecting vehicles Dl, D2, D3, and D4, as well as the data transmitted 

15 by vehicles IB to B3 and CI. Therefore, other dian the intersecting angles centered 
around 0 degrees, the intersecting angles within a range centered around 90 degrees are 
included in the calculation results for the intersecting angle. That is, at time tl, new ID 
codes (i.e., the ID codes for intersecting vehicles Dl, D2, D3, and D4) are confirmed and 
the intersecting angles near 90 degrees (i.e., the intersecting angles related to intersecting 

20 vehicles Dl, D2, D3, and D4) suddenly appear in the calculation results of the intersecting 
angle. Accordingly, by constantly monitoring the calculation results of the intersecting 
angle from the data management ECU 16 and detecting the point at which the intersecting 
angle near 90 degrees suddenly appears in the calculation results of the intersecting angle, 
it is possible to detect the start of sudden conmiunication between vehicle A and 

25 intersecting vehicles Dl, D2, D3, and D4, i.e., it is possible to detect the probability that 
there is a conmiunication impeding intersection. 

[0072] Atlthis time, the data management ECU 16 evaluates the relationship 
between the positions of the intersecting vehicles Dl, D2, D3, and D4 and the position of 
the host vehicle based on the information obtained by the sudden communication in order 

30 to determine whether the point where the communication suddenly started is actually near 
the intersection. More specifically, the data management ECU 16 determines whether the 
angle 6 created by a line connecting the positions of the intersecting vehicles Dl, D2, D3, 
and D4 and the position of the host vehicle, and the running vector of the host vehicle (see 
FIG. 4) is within a predetermined angle centered around 90 degrees. If the angle 0 is 
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within the predetermined angle centered around 90 degrees, it is determined that the point 
where the communication suddenly started is actually near the intersection and that 
intersection is determined to be a communication impeding intersection. The 
determination as to whether the point where communication suddenly started is actually 
5 near the intersection can also made based on the relationship between the location of the 
intersection obtained from the map data in the navigation system 26 and the position of the 
host vehicle, instead of, or in addition to, the method described above. 

[0073] Also, when it has been detected that conmiunication has suddenly started, 
the data management ECU 16 may also evaluate the respective distances between the 

10 intersecting vehicles Dl, D2, D3, and D4 and the host vehicle based on the information 
with the suddenly obtained information. If in this case the distance between the 
intersecting vehicle and the host vehicle is greater than a predetermined distance, the data 
management ECU 16 may determine that the reason for this sudden conmiunication is not 
because of the presence a communication blocking object, but rather because the distance 

15 between the intersecting vehicle and the host vehicle becomes less than distance beyond 
which communication between the two vehicles is difficult, and therefore the data 
management ECU 16 may be unable to determine whether the intersection is a 
communication impeding intersection. 

[0074] Next, at time t3, the new ID codes (i.e., the ID codes for intersecting 

20 vehicles Dl, D2, D3, and D4) confirmed after time tl disappear along with the intersecting 
angles near 90 degrees from the calculation results of the intersecting angle. Therefore, 
by detecting either the time or vehicle running distance from the point where the 
intersecting angle near 90 degrees suddenly appeared in the calculation results of the 
intersecting angle (i.e., the point that a communication impeding intersection was detected) 

25 to the point where the data including the ID codes of the intersecting vehicles Dl, D2, D3, 
and D4 became unable to be received (or the time that the intersecting angle near 90 
degrees, which was obtained after time tl, disappeared), it is possible to evaluate the 
presence (or the communication impeding state) of a communication blocking object at the 
communication impeding intersection. 

30 [0075] More specifically, the data management ECU 16 in this exemplary 

embodiment first determines that the communication impeding intersection at the location 
where the new ID codes were detected and where the appearance of the intersecting angle 
near 90 degrees in the calculated results of the intersecting angle was detected, is a 
communication impeding intersection where conmiunication blocking objects (e.g.. 
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communication blocking objects 3 and 4 in FIG. 4) are present on the near side (from the 
perspective of the vehicle) of the intersection. The data management ECU 16 then 
continues to monitor the reception state of the ID codes for the intersecting vehicles Dl, 
D2, D3, and D4 and detects a disappearance time t3 (or a time t3 at which the intersecting 
5 angle near 90 degrees disappeared from the calculation results of the intersecting angle) of 
the ID codes for the intersecting vehicles Dl, D2, D3, and D4. At this time, if 
communication blocking objects 1 and 2 are present on the far side of the intersection 
(from the perspective of the vehicle), as shown in FIG. 4, for example, the ID codes for the 
intersecting vehicles Dl, D2, D3, and D4 that appeared in the data received by vehicle A at 

10 time tl disappear from the data received by vehicle A at time t3 inraiediately after vehicle 
A passes through the communication impeding intersection. Accordingly, the time during 
which the ID codes for the intersecting vehicles Dl, D2, D3, and D4 are detected is 
relatively short. On the other hand, when the communication blocking objects 1 and 2 
shown in FIG. 4 are not present, the ID codes for the intersecting vehicles Dl, D2, D3, and 

15 D4 continue to be confirmed as before even after time t3 after vehicle A has passed 
through the communication impeding intersection (i.e., the vehicle-to-vehicle 
communication between vehicle A and intersecting vehicles Dl, D2, D3, and D4 is still 
possible even after time t3). Accordingly, the time during which the ID codes for the 
intersecting vehicles Dl, D2, D3, and D4 are detected is relatively long. Therefore, when 

20 the time between the point at which the communication impeding intersection is detected 
and the point at which the ID codes for the intersecting vehicles Dl, D2, D3, and D4 
disappear (or the running distance during that time) is relatively short, the data 
management ECU 16 of this exemplary embodiment determines that the intersection is a 
conmiunication impeding intersection with communication blocking objects on the far side 

25 (e.g., communication blocking objects 1 and 2 in FIG. 4). In all other cases, the data 
management ECU 16 determines that the intersection is a communication impeding 
intersection with no communication blocking objects on the far side (e.g., communication 
blocking objects 1 and 2 in FIG. 4). 

[0076] At this time, the data management ECU 16 may also evaluate the 

30 respective distances between the intersecting vehicles and the host vehicle again based on 
the information obtained from communication immediately before communication with the 
intersecting vehicles was interrupted. If in this case the distance between the intersecting 
vehicles and the host vehicle is greater than a predetermined distance, the data 
management ECU 16 may determine that the reason for this interruption in communication 
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is not because of the presence a communication blocking object, but rather because the 
distance between vehicle A and the intersecting vehicle has become greater than a distance 
over which conununication between the two is possible, and therefore the data 
management ECU 16 may be unable to determine whether the intersection is a 
5 communication impeding intersection. 

[0077] In order to more accurately evaluate the presence of communication 
blocking objects on the far side of the communication impeding intersection, the data 
management ECU 16 may identify the correct location of the communication impeding 
intersection using the map data from the navigation system 26 and take the mnning speed 

10 (detectable with a wheel speed sensor) of the vehicle (vehicle A) after passing through the 
communication impeding intersection into consideration. 

[0078] The information relating to the communication impeding intersection 
evaluated by the data management ECU 16 of vehicle A in this way (herein referred to as 
"communication impeding intersection information") is added, along with the additional 

15 information, to die data to be transmitted from vehicle A. At this time, the additional 
information added to the data to be transmitted may be selected according to the presence 
of a conmiunication blocking object at a communication impeding intersection or a vehicle 
targeted to receive the data transmitted by vehicle A, as will be described in detail later. 

[0079] More specifically, when a conmiunication impeding intersection in which 

20 there are communication blocking objects on both the near and far sides of the intersection, 
as shown in FIG. 4, is detected, the data to be transmitted from vehicle A includes the ID 
codes for the oncoming vehicle CI and trailing vehicles Bl to B3 as essential information, 
as well as the communication impeding intersection information and additional 
information relating to the intersecting vehicles Dl, D2, D3, and D4. At this time, the 

25 communication impeding intersection information may include not only information 
indicative of a conmiunication impeding intersection with communication blocking objects 
on both the near and far sides, but also information relating to the location of the 
communication impeding intersection. The additional information may also include 
information relating to the running speeds of the intersecting vehicles Dl, D2, D3, and D4 

30 and information relating to the distance between the intersecting vehicles Dl, D2, D3, and 
D4 and the communication impeding intersection, as described above. However, 
additional information relating to vehicles traveling away from the communication 
impeding intersection, such as intersecting vehicles D2 and D3 in FIG. 4, is not added to 
the data to be transmitted from vehicle A in order to reduce the processing load on the 
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receiving side. In other words, because additional information relating to the running 
state of vehicles that are traveling away from the communication impeding intersection is 
not necessary for vehicles traveling toward the communication impeding intersection (i.e., 
because vehicle A will not meet a vehicle traveling away from the communication 
5 impeding intersection at the communication impeding intersection), only the additional 
information relating to the running state of vehicles (i.e., intersecting vehicles Dl and D4) 
that are approaching the communication impeding intersection is added to the data 
transmitted from vehicle A. Accordingly, when there is only one intersecting vehicle and 
that intersecting vehicle is traveling away from the communication impeding intersection, 

10 only the conmiunication impeding intersection information (i.e., only information 
indicating a conmiunication impeding intersection with communication blocking objects 
present on the near and far sides) is included in the data transmitted from vehicle A. 

[0080] Therefore, the oncoming vehicle CI and trailing vehicles Bl and B3, 
which have all received the data transmitted by vehicle A, are able to confirm the presence 

15 of a conmiunication impeding intersection (i.e., an intersection with poor visibility) ahead 
in the respective directions of travel, as well as obtain additional information relating to the 
running state of the intersecting vehicles Dl and D4 on intersecting road Y. Therefore, 
despite the fact that vehicle-to-vehicle communication between vehicle A and the 
intersecting vehicles Dl, D2, D3, and D4 is impeded until near the communication 

20 impeding intersection, it is still possible to pass safely through the conmiunication 
impeding intersection. For example, the trailing vehicles Bl to B3 that have received the 
data transmitted by vehicle A are able to determined the possibility of collision with the 
intersecting vehicles Dl and D4 at the communication impeding intersection before 
reaching the communication impeding intersection by calculating the time until the 

25 intersecting vehicles Dl and D4 reach the communication impeding intersection based on 
the additional information relating to the running state of the intersecting vehicles Dl and 
D4 and the communication impeding intersection information, and comparing that time 
with the time until the trailing vehicles Bl to B3 themselves reach the communication 
impeding intersection. 

30 [0081] Further, transmission of the data which includes the communication 

impeding intersection information and the additional information may be stopped i) at the 
point when the trailing vehicles Bl to B3 or the oncoming vehicle CI pass through the 
communication impeding intersection (or when the information is received, updated, and 
transmitted again by the trailing vehicles Bl to B3 or the oncoming vehicle CI, to be 



26 TFN030185-US.doc 

described later), ii) at a predetermined point after which the trailing vehicles Bl to B3 or 
the oncoming vehicle CI have run a predetermined distance (or time) after passing through 
the communication impeding intersection, or iii) at the time when the intersecting vehicles 
related to the additional information have passed through the communication impeding 
5 intersection. After that point, the data shown in FIG. 2 is transmitted until a new 
communication impeding intersection is detected, for example. Accordingly, only the 
minimum necessary additional data, as described above, is included in the data transmitted 
from vehicle A to be received by oncoming vehicle CI and trailing vehicle Bl to B3, and 
the data is transmitted from vehicle A for the minimum duration of time necessary. As a 

10 result, there is not a high processing load on the receiving side, which enables the receiving 
side to use the additional information related to the running state of the intersecting 
vehicles included in the data sent from vehicle A quickly and effectively. 

[0082] On the other hand, when a conmiunication impeding intersection in 
which there are only communication blocking objects on the near side the intersection are 

15 detected (i.e., when a conmiunication impeding intersection in which the conmiunication 
blocking objects 1 and 2 in FIG. 4 are not present), the data to be sent by vehicle A 
includes the ID codes of trailing vehicles Bl to B3 as essential data, as well as the 
communication impeding intersection information and the additional information relating 
to the running states of the intersecting vehicles Dl and D4. At this time, the 

20 communication impeding intersection information may include information relating to a 
communication impeding intersection having a communication blocking object only on the 
near side the intersection, as well as information relating to the location of the 
communication impeding intersection. Here, the communication impeding intersection 
which, from the standpoint of vehicle A, only has a communication blocking object on the 

25 near side of the intersection, is a communication impeding intersection which, from the 
standpoint of vehicle CI, only has a communication blocking object on the far side of the 
intersection (i.e., the communication impeding intersection has good visibility ahead from 
the perspective of vehicle CI so it is conceivable that vehicle-to-vehicle communication 
between oncoming vehicle CI and intersecting vehicles Dl, D2, D3, and D4 is able to take 

30 place). As a result, the ID code for the oncoming vehicle CI is not included in the data to 
be transmitted from vehicle A. 

[0083] As a result, the trailing vehicles Bl to B3 which have received the data 
transmitted from vehicle A are able to confirm the presence of the communication 
impeding intersection (i.e., an intersection having poor visibility) ahead in the direction of 
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travel, as well as obtain additional information related to the running states of intersecting 
vehicles Dl and D4 on intersecting road Y, as described above. As a result, it is possible 
to pass through the communication impeding intersection safely despite the fact that 
vehicle-to-vehicle communication between the trailing vehicles Bl to B3 and intersecting 
5 vehicles Dl, D2, D3, and D4 is impeded until close to the communication impeding 
intersection. 

[0084] Further, transmission of the data which includes the communication 
impeding intersection information and the additional information may be stopped i) at the 
point when the data transmitted from the intersecting vehicles Dl, D2, D3, and D4 is 

10 interrupted or the trailing vehicles Bl to B3 pass through the communication impeding 
intersection (or when the information is received, updated, and transmitted again by the 
trailing vehicles Bl to B3, to be described later), ii) at the point when the trailing vehicles 
Bl to B3 have run a predetermined distance (or time) after passing through the 
communication impeding intersection, or iii) at the time when the intersecting vehicles 

15 related to the additional information have passed through the conmiunication impeding 
intersection. After that point, the data shown in FIG. 2 is transmitted until a new 
conmiunication impeding intersection is detected, for example. Accordingly, only the 
minimum necessary additional data, as described above, is included in the data transmitted 
from vehicle A to be received by trailing vehicles Bl to B3, and the data is transmitted 

20 from vehicle A for the minimum duration of time necessary, so there is not a high 
processing load on the receiving side. As a result, there is no delay in the timing when 
the additional information relating to the running state of the intersecting vehicles is used. 
On the other hand, oncoming vehicle CI is able to receive the data transmitted by vehicle 
A, but is able to easily determined that that data is not necessary (for oncoming vehicle CI) 

25 because the ID code for oncoming vehicle CI is not included in the data. However, in 
this case, the oncoming vehicle CI may continue to receive the additional information 
relating to the running states of intersecting vehicles Dl, D2, D3, and D4 obtained by 
vehicle A, update the additional information through vehicle-to-vehicle communication 
directly with intersecting vehicles Dl, D2, D3, and D4, and support trailing vehicles B2 

30 and B3 and the like even fiirther behind vehicle A. 

[0085] The communication impeding intersection information and additional 
information in the data generated and sent by vehicle A in this way is updated by the 
vehicle (such as trailing vehicle Bl) that receives the data, and then transmitted to another 
trailing vehicle (such as trailing vehicle B2) which will pass through the conmiunication 
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impeding intersection. At this time, the communication impeding intersection 
information also may be updated because, when the communication blocking object is a 
moving object such as a stopped truck or the like, for example, there may be a change in 
the presence of a communication blocking object at a communication impeding 
5 intersection (i.e., a change in the type of communication impeding intersection) due to the 
communication blocking object moving. In this way, according to this exemplary 
embodiment, a pseudo real-time database can be generated around the communication 
impeding intersection so as to enable the latest communication impeding intersection 
information and additional information relating to intersecting vehicles to always be 

10 obtained. The same applies to when intersecting road Y is made the reference, so the 
<■ intersecting vehicles Dl, D2, D3, and D4 running on intersecting road Y can always obtain 
the latest conmiunication impeding intersection information and additional information 
relating to the running states of vehicles A, Bl to B3, and CI that are mnning on road X. 
[0086] Here, the conmiunication impeding intersection information obtained 

15 when passing through the communication impeding intersection in this way is preferably 
linked to the map data from the navigation system 26 and stored in the RAM and the like. 
As a result, when the vehicle comes near the communication impeding intersection again, 
even if the vehicle did not obtain conmiunication impeding intersection information from 
another vehicle before passing through the communication impeding intersection, it is still 

20 possible to be aware, at the very least, that there is a connmunication impeding intersection 
ahead so the vehicle can pass safely through the communication impeding intersection. 
Further, because it is possible to provide communication impeding intersection information 
to trailing vehicles and the like before passing through the communication impeding 
intersection, it is possible to make the trailing vehicles and the like aware of the presence 

25 of the communication impeding intersection a sufficient distance before the 
communication impeding intersection. Also at this time, the communication impeding 
intersection information in the RAM may be updated and stored using either the latest 
communication impeding intersection information obtained from another vehicle or self- 
obtained communication impeding intersection information. When the vehicle has 

30 received data transmitted from a leading vehicle before passing through the 
communication impeding intersection, it is possible to use the additional information 
relating to the running state of the intersecting vehicles before passing through the 
conmiunication impeding intersection, thus enabling the vehicle to pass safely through the 
communication impeding intersection. 
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[0087] Thus, according to the exemplary embodiment, it is possible to be made 
aware of an intersection with poor visibility (i.e., a conmiunication impeding intersection), 
which is a critical place for vehicle-to-vehicle conmiunication, from the monitoring results 
of the reception state of the data transmitted from intersecting vehicles. Further, it is 
5 possible to effectively support safety when driving through an intersection with poor 
visibility by providing conmiunication impeding intersection information which indicates 
the presence of the intersection with poor visibility together with additional information 
relating to the running state of intersecting vehicles to a vehicle (a trailing vehicle or an 
oncoming vehicle) with which vehicle-to-vehicle communication with the intersecting 

10 vehicles is not possible. Further, the data which includes the additional information and 
the communication impeding intersection information is transmitted in the smallest volume 
necessary, and for the shortest duration necessary, for the receiving side. This reduces the 
processing load on the receiving side, which enables the information obtained through 
vehicle-to-vehicle communication to be used quickly. 

15 [0088] Moreover, the exemplary embodiment is particularly well suited to 

support safe driving at intersections with poor visibility that have no traffic signals because 
at these kind of intersections the likelihood of a collision with an intersecting vehicle is 
quite high. In other words, even at intersections with poor visibility, if there is a traffic 
signal, the additional information relating to the driving state of intersecting vehicles may 

20 be unnecessary Accordingly, when a communication impeding intersection has been 
detected, it can be determined whether there is a traffic signal at the communication 
impeding intersection, and the additional information and communication impeding 
intersection information can be added to the data to be transmitted only when there is no 
traffic signal. Altematively, it is possible to add information relating to the presence or 

25 absence of a traffic signal at the communication impeding intersection. The 
determination as to whether or not there is a traffic signal can be made based on traffic 
signal information included in the map data from the navigation system 26. 

[0089] In this exemplary embodiment, additional information relating to the 
running state of a vehicle approaching the communication impeding intersection (herein 

30 referred to as "approaching vehicle" is added to the data to be transmitted by vehicle A 
when a communication impeding intersection has been detected. On the other hand, 
additional information relating to the running state of vehicles traveling away from the 
conmiunication impeding intersection is not added to that data. Altematively, however, it 
is also possible not to add additional information relating to an approaching vehicle that is 
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within a predetermined distance from a communication inhibiting intersection to the data 
to be transmitted by vehicle A. This is because when the distance from the approaching 
vehicle to the communication impeding intersection is extremely short, it can be assumed 
that the approaching vehicle may pass through the communication impeding intersection 
5 before oncoming vehicle CI and trailing vehicles Bl to B3 reach the communication 
impeding intersection. However, the predetem^ned distance in this case may be set 
considering the vehicle position and running speed of the approaching vehicle as well as 
the vehicle positions and running speeds of oncoming vehicle CI and trailing vehicles Bl 
to B3. As a result, the processing load on the receiving side is reduced even more, so at 

10 least the necessary additional information relating to the running state of the vehicle can be 
used quickly and efficiently. 

[0090] Furthermore, in this exemplary embodiment, the presence of a 
communication impeding intersection is detected based on the reception history of data 
transmitted from an intersecting vehicle and the reception history of the data transmitted 

15 from a vehicle on the road. Alternatively, however, even if the reception history of data 
transmitted from the vehicle on the road is not used, it is still possible to determine whether 
an intersection ahead on the road on which the vehicle is traveling is a communication 
impeding intersection by evaluating the distance from the host vehicle position at the time 
data sent from the intersecting vehicle started to be received until the intersection. In this 

20 case, the location of the intersection may be calculated as the point of intersection of the 
running vector of the host vehicle and the running vector of the intersecting vehicle^; or it 
may be determined based on the intersection information obtained from the map data of the 
navigation system 26. 

[0091] Also, even if the intersection information obtained from the map data of 
25 the navigation system 26 is used by itself, it is still possible to detect the presence of a 
conmiunication impeding intersection. In this case, whether or not an intersection ahead 
on the road on which the vehicle is traveling is a communication impeding intersection can 
be determined based on polygon information (e.g., size and height of the polygon shape) of 
the area of the intersection included in the map data. Accordingly, as described above, if 
30 it is determined that the intersection is a communication impeding intersection (for 
example, if it is determined that there is a facility of a predetermined scale or larger), it is 
possible to provide other vehicles with additional information and the like only when 
necessary by adding additional information and communication impeding intersection 
information to the data to be transmitted when the vehicle has come within a 
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predetermined distance from the communication impeding intersection, thus enabling the 
processing load on the receiving side to be reduced while ensuring the reliability of the 
information. Also in this case, it is possible to estimate the range within which vehicle- 
to-vehicle communication will be impeded from the relationship between the area of the 
5 polygon shape (the position of the facility of a predetermined scale or larger) and the 
position of the intersecting vehicles, so it is also possible to transmit data only to a vehicle 
within that range. Also, the additional information relating to the running state of the 
intersecting vehicles may be provided to the trailing vehicles and oncoming vehicle only 
when the area of the polygon shape is on the line connecting the position of the intersecting 

10 vehicles with the trailing vehicles and oncoming vehicle. 

[0092] Further, according to this exemplary embodiment of the invention, 
information indicative of whether or not the intersection is a conmiunication impeding 
intersection having a communication blocking object only on the near side or on both the 
near and far sides is included in the conmiunication impeding intersection. However, it is 

15 also possible to make that determination by further classifying the communication 
blocking object at the communication impeding intersection and including the 
determination results in the conununication impeding intersection. More specifically, 
with vehicle A as the reference, the following seven types of communication impeding 
intersections having communication blocking objects may be considered in addition to the 

20 two tjq^es described above. These are: 1) a communication impeding intersection having 
a conmiunication blocking object on the left on the near side of the intersection 
(communication blocking object 3) and communication blocking objects on both sides on 
the far side of the intersection (communication blocking objects 1 and 2); 2) a 
communication impeding intersection having a communication blocking object 

25 (communication blocking object 3) on the left on the near side of the intersection and a 
communication blocking object (communication blocking object 1 or 2) on either the left 
or right on the far side of the intersection; 3) a communication impeding intersection 
having a communication blocking object (communication blocking object 3) on the left on 
the near side of the intersection but no communication blocking objects (communication 

30 blocking objects 1 and 2) on either side on the far side of the intersection; 4) a 
communication impeding intersection having a communication blocking object 
(communication blocking object 4) on the right on the near side of the intersection and 
communication blocking objects (communication blocking objects 1 and 2) on both sides 
on the far side of the intersection; 5) a communication impeding intersection having a 
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communication blocking object (communication blocking object 4) on the right on the near 
side of the intersection and a communication blocking object (communication blocking 
object 1 or 2) on either the left or right on the far side of the intersection; 6) a 
conmiunication impeding intersection having a communication blocking object 
5 (communication blocking object 4) on the right side on the near side of the intersection but 
no communication blocking objects (communication blocking objects 1 and 2) on either 
side on the far side of the intersection; and 7) a communication impeding intersection 
having communication blocking objects (communication blocking object 3 and 4) on both 
sides on the near side of the intersection and a communication blocking object 
10 (communication blocking object 1 or 2) on either the left or right on the far side of the 
intersection. 

[0093] Any of these types of communication impeding intersections can be 
determined using the communication impeding intersection information included in the 
data transmitted from intersecting vehicles Dl, D2, D3, and D4. For example, when the 

15 communication impeding intersection information obtained from intersecting vehicles Dl 
and D2 indicates a communication impeding intersection having only conununication 
blocking objects 1 and 3 on the near side of the intersection, and self-obtained 
conununication impeding intersection information from vehicle A indicates a 
conununication impeding intersection having only communication blocking objects 3 and 

20 4 on the near side of the intersection, it can be determined that the intersection is a 
communication impeding intersection having communication blocking objects 1, 3, and 4 
(i.e., communication impeding intersection type 7 when vehicle A is the reference). 

[0094] Alternatively, any of these types of conmiunication impeding 
intersections can be determined based on the positional information of intersecting vehicles 

25 included in data transmitted from the intersecting vehicles. In FIG. 4, for example, when 
communication between vehicle A and intersecting vehicles Dl and D2 to the left with 
respect to the position of vehicle A is ongoing before time tl and communication is 
suddenly established between vehicle A and intersecting vehicles D3 and D4 to the right 
with respect to the position of vehicle A at time tl, it can be determined that the 

30 intersection is a communication impeding intersection of type 4, 5 or 6. Then, when the 
positional information of intersecting vehicles obtained after time tl is monitored and data 
transmitted from intersecting vehicles (not limited to intersecting vehicles D3 and D4) to 
the right with respect to the position of vehicle A is interrupted at time t3, for example, it 
C2in be determined that the intersection is a conununication impeding intersection type 5, in 
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which there is a communication blocking object 4 on the right on the near side of the 
intersection and a communication blocking object 2 on the right on the far side of the 
intersection. In this case, it is also possible to add only the communication impeding 
intersection indicating the type of communication impeding intersection determined by 
5 classification and the additional information relating to the intersecting vehicles 
approaching the communication impeding intersection from the right (or from the left 
when viewed from the perspective of oncoming vehicle CI) to the data transmitted from 
vehicle A to oncoming vehicle CI and trailing vehicles Bl to B3. As a result, it is 
possible to ftirther reduce the processing load on the receiving side. 

10 [0095] Next, the processes to achieve the foregoing exemplary embodiment will 

be described in detail with reference to FIGS. 5 to 8. FIG. 5 is a flowchart illustrating one 
example of a main routine carried out by the vehicle-to-vehicle communication system 
according to the exemplary embodiment. This main routine starts from the time the 
ignition switch is turned on, for example. In the following description, the host vehicle is 

15 the vehicle in which this processing is being performed. 

[0096] When ttie routine shown in FIG. 5 starts, first in step 100, as a process 
before the start of vehicle-to-vehicle communication, the data shown in FIG. 2 is 
transmitted regularly and the system prepares to receive data transmitted from another 
vehicle. The process in step 100 continues until it is determined in step 110 that the data 

20 transmitted from another vehicle (including a plurality of other vehicles) has been received. 
When it has been determined in step 110 that data from another vehicle has been received, 
the ID code from the data sent from the other vehicle is confirmed and the other vehicle is 
recognized by the ID code in step 120. 

[0097] Then in step 130, it is determined whether the subsequent data including 

25 an ID code the same as the ID code included in the data received in step 120 has been 
received. If receipt of the subsequent data is not confirmed, the routine returns to step 
100. On the other hand, if receipt of the subsequent data is confirmed, step 140 is 
executed. When the data is received from a plurality of other vehicles in step 110, it is 
sufficient that the subsequent data including at least one of the same ID codes be 

30 confirmed in step 130. 

[0098] Next in step 140, a process is performed in which the intersecting angle 
is calculated and monitored for each ID code confirmed in step 130. The intersecting 
angle can be calculated as the angle created by the direction of travel of the host vehicle 
and the direction of travel of the other vehicle based on the history of the positional 
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information of the other vehicle included in the data and the history of the positional 
information of the host vehicle, as described above. This intersecting angle can be 
calculated from as few as two data receptions. The process in step 140 is performed with 
every receiving cycle of the data. 
5 [0099] In step 150, it is determined whether the calculation results of the 

intersecting angle obtained in step 140 are made up of only an intersecting angle near 0 
degrees. When an intersecting angle other than one near 0 degrees (such as an 
intersecting angle near 90 degrees) is included in the calculation results of the intersecting 
angle, determination of a communication impeding intersection is not possible and the 

10 routine returns to step 100. On the other hand, when the calculation results of the 
intersecting angle are made up of only an intersecting angle near 0 degrees, it is determined 
that the current running position is sufficiently far away from the intersection and the 
subroutine shown in FIG. 6 is then executed in order to detect a communication impeding 
intersection. In step 150, it may also be determined whether the state in which only the 

15 intersecting angle near 0 degrees is present in the calculation results of the intersecting 
angle continues for a predetermined period of time (or a predetermined number of 
calculations), in order to increase the accuracy of determination with respect to whether the 
current running position is sufficiently far away from the intersection. 

[0100] FIG. 6 is a flowchart illustrating one example of a subroutine executed to 

20 detect a conununication impeding intersection. When the subroutine shown in FIG. 6 
starts, first in step 200, it is determined whether data including a new ID code (or a 
plurality thereof) has been received. If receipt of data including a new ID code is 
confirmed, step 210 is executed. If not, the subroutine returns to step 200. 

[0101] In step 210 it is determined whether data subsequent to the data including 

25 the new ID code that was confirmed in step 200 has been received. If receipt of data after 
the data including the new ID code has been confirmed, step 220 is executed. If not, 
calculation of the intersecting angle in the next step, step 220, cannot be done so the 
subroutine ends, returning back to the main routine shown in FIG. 5. If the vehicle 
orientation calculated by the navigation system 26 is included in the data, however, the 

30 intersecting angle can also be calculated based on the orientations of the host vehicle and 
the other vehicle. In this case, the intersecting angle can be calculated even if data has 
only been received once (i.e., the calculation process for the intersecting angle in step S220 
is possible) so step 220 is executed. 

[0102] In step 220, a process is carried out to calculate the intersecting angle for 
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each new ID code confirmed in step 200, and determine whether the intersecting angle 
within a predetermined angle range centered around 90 degrees (e.g., a range of 90 degrees 
±20 degrees) is included in the calculation results. If the intersecting angle within the 
predetermined angle range centered around 90 degrees is not included in the calculation 
5 results, it is determined that the current running position is sufficiently far away from the 
intersection so the subroutine ends, returning back to the main routine in FIG. 5. On the 
other hand, if the intersecting angle within the predetermined angle range centered around 
90 degrees is included in the calculation results (i.e., if an intersecting vehicle has been 
detected), it is determined that there is an intersection ahead of the vehicle so step 230 is 

10 executed. At this time, the accuracy of the detection results for the intersecting angle can 
also be increased using the map data from the navigation system 26, captured image 
processing results from the front monitoring camera (CCD camera), or the detection results 
of a magnetic marker using radar equipment. 

[0103] In step 230, a process is carried out to calculate the distance between the 

15 vehicle at the time the intersection within the predetermined angle range is detected (i.e., 
the host vehicle position when the intersecting vehicle is detected) and the location of the 
intersection ahead, and determine whether the calculated distance is smaller than a 
predetermined distance Thl (e.g., 200m). The location of the intersection may be 
calculated as the point of intersection of the running vector of the intersecting vehicle and 

20 the running vector of the host vehicle, or may be determined using the map data from the 
navigation system 26 or the captured image processing results from the front monitoring 
camera (CCD camera), or the like, as described above. If the distance between the 
vehicle at the time the intersecting angle within the predetermined angle range is detected 
and the intersection ahead is equal to, or greater than, the predetermined distance Thl, it is 

25 determined that vehicle-to-vehicle conmiunication will not be impeded at the intersection 
ahead so step 250 is executed. In step 250, information indicative of the fact that the 
intersection ahead is not a communication impeding intersection is stored and the 
subroutine ends, returning back to the main routine in FIG. 5. On the other hand, if the 
distance to the intersection ahead is less than the predetermined distance Thl, it is 

30 determined that the intersection detected ahead is a communication impeding intersection 
and the subroutine in FIG. 7 is then executed. In step 230 it may further be determined 
whether the distance from the intersecting vehicle to the intersection ahead is within a 
predetermined distance (i.e., within a distance less than a distance beyond which 
communication is not possible). 
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[0104] FIG. 7 is a flowchart illustrating one example of a subroutine executed 
when a communication impeding intersection is detected ahead. 

[0105] When the subroutine shown in FIG. 7 starts, first in step 300, a process 
starts for i) generating communication impeding intersection information indicating the 
5 presence of a communication impeding intersection having at least a communication 
blocking object on the near side of the intersection, ii) generating additional information 
relating to the running information of the intersecting vehicle based on the data transmitted 
from the intersecting vehicle, and transmitting the communication impeding intersection 
information and the additional information to trailing vehicles and oncoming vehicles. In 

10 this case, only the additional information relating to the running state of the intersecting 
vehicle approaching the communication impeding intersection may be added to the data 
generated by the host vehicle, as described above, or, in addition to that additional 
information, the ID code of the vehicle targeted for transmission (a trailing vehicle or an 
oncoming vehicle) and the communication impeding intersection information may also be 

15 added to the data generated by the host vehicle. Information relating to the location of the 
communication impeding intersection, in addition to the information relating to the type of 
communication impeding intersection, may be included in the communication impeding 
intersection information. Also, when there are no trailing vehicles or oncoming vehicles 
on the road (e.g., when trailing vehicles Bl to B3 or oncoming vehicle CI on road X are 

20 not present when assuming the host vehicle to be vehicle A in FIG. 4), the data in which 
the communication impeding intersection and the additional information is not included 
(see FIG. 2) may be regularly transmitted until the trailing vehicles or the oncoming 
vehicle appears. 

[0106] In step 310 a process is carried out to update the additional information 
25 and communication impeding intersection information added to the data every time the 
host vehicle receives data from the intersecting vehicle, and transmit the data including the 
latest additional information and conMnunication impeding intersection information. Here, 
the communication impeding intersection is updated because the presence of the 
communication blocking object dynamically changes when the communication blocking 
30 object is a mobile object, as described above. The process in step 310 continues at least 
until the host vehicle reaches the communication impeding intersection. 

[0107] In step 320, a process is performed to determine whether the host vehicle 
has driven straight through the communication impeding intersection. This determination 
as to whether the host vehicle has driven straight through the intersection, or turned left or 
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right or the like, can be made based on the change in the running vector of the host vehicle, 
information from the navigation system 26, and steering angle information from a steering 
angle sensor, and the like. If it has been determined that the host vehicle has not driven 
straight through the communication impeding intersection, then it is not possible to 
5 evaluate the presence of a communication blocking object on the far side of the 
communication impeding intersection so step 330 is executed. In step 330, the 
communication impeding intersection information is linked to the intersection through 
which the host vehicle passed and stored (preferably that information is linked to the map 
data from the navigation system 26 and stored), after which the subroutine ends, returning 

10 back to the main routine in FIG. 5. If the host vehicle has driven straight through the 
communication impeding intersection, on the other hand, step 340 and step 350 are 
executed to evaluate the presence of a communication blocking object on the far side of the 
conmiunication impeding intersection. 

[0108] In step 340, a process is performed similar to that in step 310 while 

15 monitoring the reception state of data transmitted from an intersecting vehicle in order to 
evaluate the presence of the conmiunication blocking object on the far side of the 
communication impeding intersection. If there is no longer an intersecting vehicle on the 
intersecting road due to time having passed, (for example, if the intersecting vehicle 
changed direction from one approaching the intersection to one leading away from the 

20 intersection, or if the intersecting vehicle turned off of the intersecting road onto another 
road (e.g., vehicle D3 (t2) in FIG. 4), the additional information is not added to the data so 
the other vehicle that has received that data is able to recognize the fact that there is no 
approaching vehicle on the intersecting road. 

[0109] In step 350, a process is performed to determine whether the reception 

25 state of the data transmitted from the intersecting vehicle has changed within a 
predetermined distance (or time) after passing through the intersection. In step 350, when 
reception of the data transmitted from an intersecting vehicle within a predetermined 
distance (such as 200m) of the vehicle after passing through the intersection is interrupted 
(for example, when the data is not received for a predetermined period of time), step 360 is 

30 executed. In step 360, the conmiunication impeding intersection information is updated 
to indicate a communication impeding intersection having communication blocking objects 
both on the near and far sides of the intersection and that information is then stored, and 
the updating and transmitting process for the data including the additional information and 
the like ends (due to the fact that the additional information cannot be updated). The 
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subroutine is then ends, returning back to the main routine in FIG. 5. However, when an 
oncoming vehicle having a new ID code is confirmed ahead when the vehicle is running 
thereafter, the data including the latest conmiunication impeding intersection information 
may be transmitted to the oncoming vehicle. In this case, the oncoming vehicle is able to 
5 recognize in advance the presence of the communication impeding intersection having 
communication blocking objects both on the near and far sides of the intersection. 
Further, the latest communication impeding intersection information may also be sent to a 
trailing vehicle by adding that information together with the ID code for the trailing vehicle. 
As a result, even a trailing vehicle that will not pass through the intersection (such as a 

10 trailing vehicle that turns left), can be made aware of, and store information relating to, the 
presence of the communication blocking object on the far side of the communication 
impeding intersection that it cannot detect itself. 

[0110] On the other hand in step 350, if reception of the data transmitted fi-om 
an intersecting vehicle continues as before even after passing through the intersection and 

15 even after driving a predetermined distance, it is determined that there is no 
conmiunication blocking object on the far side of the intersection. In this case, the 
subroutine in FIG. 8 is then executed. FIG. 8 is a flowchart illustrating one example of a 
subroutine executed when there are no conununication blocking objects on the far side of a 
communication impeding intersection. 

20 [0111] When the subroutine shown in FIG. 8 starts, first at step 400, a process is 

performed to update the communication impeding intersection information to indicate a 
communication impeding intersection having a communication blocking object only on the 
near side of the intersection and store the updated information. Also, in step 400, a 
process is performed to end transmission of the data including the additional information to 

25 the oncoming vehicle. Transmission of the data including the ID code of the oncoming 
vehicle may also end at the point when the oncoming vehicle and the host vehicle pass one 
another (this is because the oncoming vehicle is then able to receive data from an 
intersecting vehicle at least after that point). 

[0112] In step 410, the data including the additional information, which is 

30 transmitted to the oncoming vehicle, continues to be updated and transmitted. 
Accordingly in this case, the ID code of the trailing vehicle, together with the 
communication impeding intersection information, is included in the data generated by the 
host vehicle, and only the latest additional information relating to the running state of the 
intersecting vehicle approaching the communication impeding intersection is added to that 
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generated data. The process in step 410 is performed until another end condition of the 
data including the additional information is fulfilled in step 420. This end condition may 
be fulfilled, for example, when a trailing vehicle reaches the communication impeding 
intersection, when an intersecting vehicle that is approaching the communication impeding 
5 intersection disappears, or when the host vehicle is far enough away from the trailing 
vehicle that communication is no longer possible. When the end condition is fulfilled in 
step 420, the subroutine ends, retuming back to the main routine shown in FIG. 5. 

[0113] The processes shown in FIGS. 5 to 8 relate to processes where the host 
vehicle detects the communication impeding intersection on its own and evaluates the 

10 presence of a communication blocking object at the conmiunication impeding intersection. 
When the host vehicle obtains the communication impeding intersection information 
relating to an intersection ahead from another vehicle, or when the conmiunication 
impeding intersection information relating to an intersection ahead is stored beforehand in 
the host vehicle, however, updating and transmitting of the communication impeding 

15 intersection information and additional information can be performed when the host 
vehicle itself receives data from an intersecting vehicle by performing the processes in step 
240 onward. At this time, until the host vehicle itself receives the data transmitted from 
the intersecting vehicle, the communication impeding intersection information and the 
additional information obtained from other vehicles is incorporated in the data to be sent to 

20 trailing vehicles and the like, and also used by the various types of other systems 18 using 
information obtained from vehicle-to-vehicle conmiunication in the host vehicle. 

[0114] As described above, according to the exemplary embodiment, it is 
possible to be made aware of the presence of an intersection with poor visibility (i.e., a 
communication impeding intersection) where vehicle-to-vehicle communication is 

25 important, as well as the presence of a communication blocking object at the 
communication impeding intersection, from a change in the reception state of data 
transmitted from an intersecting vehicle. Therefore, according to the exemplary 
embodiment, because it is possible to detect the presence of a communication impeding 
intersection where vehicle-to-vehicle communication will actually be impeded, as well as 

30 the presence of a communication blocking object at the communication impeding 
intersection, it is possible to effectively support safe driving at the communication 
impeding intersection with the minimum necessary information with the minimum 
frequency necessary. As a result, the exemplary embodiment both reduces the processing 
load on the receiving side and improves the usability of vehicle-to-vehicle communication. 
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Further, because the various information relating to the communication impeding 
intersection is transmitted between vehicles and updated before each transmission, the 
latest information, which is highly reliable, can be used. 

[0115] Next, a modified embodiment of the invention will be described. The 
5 data management ECU 16 according to this modified embodiment evaluates the likelihood 
of a collision between an intersecting vehicle and the host vehicle based on the history of 
the information relating to the position of the intersecting vehicle and the history of the 
information relating to the position of the host vehicle included in the data transmitted to 
the intersecting vehicle. The data management ECU 16 then determines the urgency level 

10 of vehicle-to-vehicle communication according to the likelihood of collision. When the 
difference between an estimated time until the intersecting vehicle reaches the intersection 
and an estimated time until the host vehicle reaches the intersection is within a 
predetermined range, that value is made the urgency level. This urgency level is set so as 
to increase as the estimated time decreases. Accordingly, the urgency level is set to the 

15 highest value when the estimated time until the host vehicle reaches the intersection is 
extremely short (i.e., right before the intersection). In this case, the location of the 
intersection may either be the location where the running vectors of the intersecting vehicle 
and the host vehicle intersect, or it may be the location of the intersection obtained from 
the map data of the navigation system 26. 

20 [0116] When the data management ECU 16 according to the modified 

embodiment detects the sudden start of communication between the host vehicle and a 
intersecting vehicle by a method similar to that described in the foregoing embodiment, the 
data management ECU 16 determines the urgency level based on information obtained 
from that sudden conmiunication, and determines whether the urgency level is greater than 

25 a predetermined threshold value. When the difference between the estimated time until 
the host vehicle reaches the intersection and the estimated time until the intersecting 
vehicle reaches the intersection is kept within a predetermined range, the urgency level 
increases as the vehicle approaches the intersection. Therefore, when the vehicle passes 
through an intersection that is not a communication impeding intersection, the urgency 

30 level is determined a sufficient distance before the intersection so the initially determined 
urgency level is relatively low. On the other hand, when the vehicle is passing through a 
communication impeding intersection, the urgency level is determined right before the 
communication impeding intersection so the initially determined urgency level is high. 
Therefore, according to the modified embodiment, it is possible to detect the presence of a 
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communication impeding intersection by evaluating the urgency level which is determined 
based on information obtained from sudden communication with an intersecting vehicle. 
This modified embodiment may also be realized in combination with the foregoing 
exemplary embodiment. 
5 [0117] While the invention has been described with reference to exemplary 

embodiments thereof, it is to be understood that the invention is not limited to the 
exemplary embodiments or constructions. To the contrary, the invention is intended to 
cover various modifications and equivalent arrangements. In addition, while the various 
elements of the exemplary embodiments are shown in various combinations and 

10 configurations, which are exemplary, other combinations and configurations, including 
more, less or only a single element, are also within the spirit and scope of the invention. 

[0118] For example, in the exemplary embodiment, the functions of the signal 
processing unit 12 and the outgoing/incoming data buffer 12A may be incorporated into 
the gateway unit 14, the data management ECU 16, or the transceiver 10. Further, the 

15 function of the data management ECU 16 may also be realized by another ECU. 

[0119] Also in the exemplary embodiment, the intersection shown in FIG. 4 is 
an intersection in which two roads intersect (a crossroads intersection). The invention, 
however, is not limited to this. That is, the invention may also be applied to an 
intersection in which three or more roads intersect (such as a T-shaped intersection). 

20 [0120] Further, in the exemplary embodiment, communication impeding 

intersection information and additional information may be generated and processed for 
each communication impeding intersection when there are a plurality of communication 
impeding intersections one after another at relatively short intervals. In this case, the 
above-described process flows for each of the conmiunication impeding intersections are 

25 simultaneously carried out (see FIGS. 5 to 8). 

[0121] Moreover, when the vehicle has entered a roadside-to-vehicle 
communication zone (i.e., a zone in which there is a roadside-to-vehicle conununication 
system), information can be obtained firom roadside monitoring equipment located at an 
intersection while the process flows are being carried out. The obtained information may 

30 also be used. Also, even if the vehicle drives out of the vehicle-to-system communication 
zone, the information obtained while in the zone can still be transmitted to an oncoming 
vehicle. 

[0122] Further, in the exemplary embodiment, even when the intersecting 
vehicle is a pedestrian or a bicycle or the like, as long as a communication terminal which 
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at least has a transmission function and is carried by the pedestrian or bicycle or the like is 
in operation, it is similarly also possible to add information relating to the moving state of 
the pedestrian or bicycle or the like on the intersecting road to the data. In this case, 
taking into consideration the fact that the pedestrian or bicycle or the like can run out into 
5 the road or change direction more suddenly and easily than can a vehicle, even when the 
pedestrian or bicycle or the like is stopped or traveling away from the intersection, it is 
preferable to always add information relating to the moving state of the pedestrian or 
bicycle or the like. 

[0123] This invention as described above displays the following effects. That 
10 is, the invention is able to provide necessary information in an efficient volume, and 
improve the usability of bi-directional conununication without increasing the load on the 
receiving side at an intersection at which there is a concentration of communication 
blocking objects. 



